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IMPROVEMENTS IN. RADIO 
SONDE 


Reeently, a significant advance has 
taken place in weather forecasting, 
based on the routine collection of up- 
per-air data to heights of 15% miles 
by means of radio soundings. This 
method, developed at the Bureau, has 
supplanted the use of airplanes carry- 
ing calibrated recording instruments 
for securing upper-air data. 

The radio-sonde system, as described 
in Technical News Bulletin 263 (March 
1939), employs an instrument carried 
aloft on a small unmanned balloon, 
and ground-station receiving and re- 
cording equipment. The balloon in- 
strument, or radio sonde, comprises 
elements for measuring barometric 
pressure, air temperature, and humid- 
ity; a radio transmitter and power sup- 
ply; and means for impressing on the 
radio transmitter modulating frequen- 
cies which have predetermined rela- 
tionships to the values of the factors 
measured. At the ground station, the 
frequencies of the received signals are 
measured and recorded automatically, 
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thereby providing a plot of temperature 
and humidity against pressure. 

A year’s experimental use of the sys- 
tem during 1938-39 at 12 stations by 
the Navy Department, Weather Bu- 
reau, and Coast Guard provided data 
which exceeded both in regularity and 
accuracy the observations previously 
obtained by the airplane soundings. 
During the present fiscal year, the serv- 
ice iS being expanded to include 80 
land and 5 Shipboard stations. One 
of the features of the experience with 
the radio-sonde system has been the 
excellent operation obtained by the 
shipboard stations. 

An improved form of the radio sonde 
has been introduced at three of the 
stations and is to be used soon at 
six more stations. The essential im- 
provement consists of the incorporation 
of a new device for measuring rela- 
tive humidity, which utilizes the phe- 
nomenon of variation in conductivity 
of a hygroscopic salt when exposed to 
different relative humidities. In its 
operation as a resistor—the value of 
which varies with relative humidity— 
it parallels the temperature element 
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used in the radio sonde, which func- 
tions aS a resistor varying in accord- 
ance with the ambient temperature. 
The two measuring resistors and two 
fixed reference resistors are switched 
into the modulating oscillator of the 
radio sonde by a Switch responding to 
changes in the ambient pressure. The 
modulating frequency is thereby con- 
trolled to provide measurements of 
pressure, temperature, and humidity. 


IMPROVED ELECTRIC 
HYGROMETER 


The wet- and dry-bulb psychrometer 
and hair-type hygrometer have long 
been used for determining the moisture 
content or relative humidity of air. 
There are, however, many possible ap- 
plications for which these types of 
instruments have not been suitable. 
This is especially the case in measuring 
upper-air humidities by means of the 
radio sonde. Such an instrument, as- 
cending rapidly, encounters very large 
and abrupt humidity changes, which 
occur too rapidly for the psychrometer 
or hair hygrometer to follow com- 
pletely. Furthermore, these types of 
humidity indicators do not lend them- 
selves readily to graphical recording or 
registering of humidity remote from 
the point of measurement; they are 
comparatively large and do not func- 
tion well at very low temperatures. 

A new type of electric hygrometer 
has recently been developed by Francis 
W. Dunmore, of the Bureau’s Radio 
Section, and is described in the Journal 
of Research for December (RP1265). 
It has proved superior to other types 
for radio-sonde use because of its rapid 
response and ability to function at low 
temperatures. It may also be used for 
making and recording humidity read- 
ings when the humidity unit is remote 
from the point of indication. As it is 
comparatively small, it may be used 
for measuring humidities in confined 
spaces. 

Although the device seems simple, it 
has required 2 years to bring it to 
the present stage of development. It 
now gives results accurate to within 
2 or 3 percent. 

The hygrometer consists of 2 fine 
palladium wires spirally wound about 
%4 inch apart, 20 turns per inch, ona 
thin-walled aluminum tube which has 
a thin coating of polystyrene resin. 
This resin is one of the best-known 
water-resistant substances as well as 
an excellent electrical insulator. The 
wound unit is then covered with a very 
thin film of partially hydrolyzed poly- 
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vinyl acetate with the addition of a 
small amount of lithium chloride. The 
latter takes up water very rapidly, 
With such a device the electric resist- 
ance of the film between the two spiral 
coils is dependent upon the humidity of 
the air in contact with the film. The 
variations in resistance may change 
the audio note which the radio sonde 
transmits or may be made to operate a 
direct-reading ohmmeter with the re- 
sistance scale marked in terms of per- 
centage of relative humidity. 

There are definite reasons for each 
step in the development of the unit as 
given above. The thin-walled alumi- 
num tube enables the unit to assume 
quickly the temperature of the air, the 
relative humidity of which it is to 
register ; otherwise the indications will 
not be correct. The polystyrene film. 
forms a surface of high electric resist- 
ance, which will not absorb water, upon 
which to wind the two palladium-wire 
coils. Absorbed moisture would cause 
a lag in the indications of the device. 
The palladium-wire coils remain fixed 
in their electrical properties, whereas 
units wound with wire of other metal 
(except platinum and gold) continue to 
vary from week to week because of 
some film forming on the surface of 
the wire. The thin polyvinyl-acetate 
film serves as the electric conductive 
medium. It has the property of taking 
on or giving off water very readily. 
It acts as a binder for the lithium 
chloride, which is the active material. 
This is one of the most hygroscopic 
salts. By controlling the amount of 
lithium chloride in the film, hygrom- 
eter units may be made with different 
degrees of sensitivity. By connecting 
several such units in parallel, each 
with suitable resistors in series, humid- 
ities from 10 to 100 percent may be 
measured. 


WEAKLY ACTIVE RADIUM 
STANDARDS 


At the request of the National Re- 
search Council Committee on Radio- 
active Standards, the Bureau has 
undertaken the preparation of a series 
of radium standards covering the 
weakly radioactive range equivalent to 
between 10-* and 10™ grams of radium. 
These standards are needed by investi- 
gators of the radioactive content of 
geological specimens, particularly of 
those used for determining the age of 
the earth. They are also needed in 
standardizing equipment for measur- 
ing artificial radioactivity. 

The undertaking proved unusual in 
that the work could not’ be carried 
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out in the Bureau’s regular radium- 
testing laboratories, or even in their 
immediate vicinity. The Bureau 
works chiefly with the _ relatively 
strong radioactive preparations used 
for medical purposes, which have to 
be stored nearby and which cannot 
be adequately screened; but even if 
this were not true, there is a possi- 
bility that they might “contaminate” 
the surroundings, so that the extremely 
sensitive instruments necessary for 
measuring the weak preparations are 
wholly unreliable. 

A laboratory has consequently been 
equipped for this work, in an old 
residence—now included in the Bu- 
reau’s grounds—located over 200 yards 
from the regular radium laboratories. 
The Bureau has prepared samples of 
finely ground rock, 12 different kinds, 
whose radioactivity will be measured 
and which will be used as standard 
samples of graded and specified radio- 
activity. 


ZEEMAN EFFECT IN THE SECOND 
AND THIRD SPECTRA OF XENON 


If a source of radiation is placed in 
-a uniform magnetic field, the lines of 
the spectrum are split into a num- 
ber of components. This phenomenon, 
called the Zeeman effect after its dis- 
coverer, was first observed in 1896, al- 
though Faraday and others had at- 
tempted similar experiments many 
years earlier. Lorentz was able to ex- 
plain the simple normal triplet with 
the aid of classical electrodynamics, 
but it was not until the quantum the- 
ory of spectra was developed that the 
complicated patterns usually observed 
were fully accounted for. This ex- 
planation, first given by Lande, is one 
of the strongest pieces of evidence in 
favor of the theory. It turns out that 
from a fully resolved Zeeman pattern 
one can derive the quantum numbers 
characteristic of the energy states in- 
volved in the production of a spectrum 
line, or conversely if these quantum 
numbers are known, the pattern can 
be predicted. The Zeeman effect is, 
therefore, a powerful aid in the iden- 
tification of the energy states of a ra- 
diating atom, or, in other words, in the 
term analysis of a spectrum. 

In an investigation by Curtis J. 
Humphreys, William EF. Meggers, and 
T. L. de Bruin, reported in the Journal 
of Research for December (RP1264), 
Geissler tubes containing xenon gas at 
low pressure were operated in a man- 
ner to emit the radiation from the va- 
rious xenon ions; that is, a spark gap 
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and condensers were placed in the dis- 
charge circuit. The source was placed 
between the poles of an electromagnet 
with the capillary portion of the tube 
at right angles to the field. A field 
strength of 36,000 gausses was main- 
tained by a current of 150 amperes at 
about 100 volts. These experiments at 
the Bureau supplemented earlier ob- 
servations at the “Physica” Labora- 
tory in Amsterdam. In the earlier ob- 
servations, the source consisted of a 
low-pressure chamber containing xenon 
through which a spark between metal 
electrodes was passed. Satisfactory 
agreement between the two sets of ob- 
servations was obtained. Combining 
both sets of observations, Zeeman pat- 
terns were observed and measured for 
130 lines of the second spectrum of 
xenon and for 62 lines of the third. 
The results have been interpreted and 
are found to support the previously 
published analyses. 


HEAT OF FUSION OF ICE 


The results of measurements of the 
heat of fusion of ice made at the 
Bureau and published in 1913 and 1915 
have been revised by N. S. Osborne, one 
of the original experimenters, using 
more recent data for the heat capacity 
of water, which is involved in the eal- 
culations. The revised value, obtained 
by weighting the results of four inde- 
pendent series of measurements and 
expressed in terms of the present cal- 
orimetric unit of energy, is 333.5 inter- 
national joules per gram with an esti- 
mated uncertainty of 0.2 int. j/g. 

RP1260 in the Journal of Research 
for December will contain the complete 
account of this work. 


PHYSICAL PROPERTIES OF PURI- 
FIED TRIMETHYLPENTANE 


In connection with an investigation 
of paraffin hydrocarbons being con- 
ducted at the Bureau for the National 
Advisory Committee for Aeronautics, 
the Navy Bureau of Aeronautics, and 
the Army Air Corps, a sample of 2,2,3- 
trimethylpentane was prepared syn- 
thetically, and was purified by 
fractionation in an automatically con- 
trolled 6-meter helix-packed column. 
The resulting product was of such 
purity that a good freezing point could 
be obtained. 

The freezing point and melting 
point of this octane were determined 
by means of an apparatus in which 
the rate of cooling or heating was 
accurately controlled. At temperatures 
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near the freezing point of 2,2,3-tri- 
methylpentane, any rate of temperature 
change from 0.8° C per minute cooling 
to over 1.5° © per minute heating was 
possible. A cooling rate of 0.12° C per 
minute could be maintained within 5 
percent. 

Other physical properties measured 
on this sample include boiling point 
and its variation with pressure, refrac- 
tive index and density and their varia- 
tions with temperature. 

This work is described in RP1259 by 
Donald B. Brooks, Frank L. Howard, 
and Hugh C. Crafton, Jr., in the Decem- 
ber number of the Journal of Research. 


POLAR STRUCTURE OF SOME 
BENZEIN INDICATORS 


In the study of electronic effects 
associated with changes of color of in- 
dicators the approximate electric mo- 
ments have been measured by Myron 
A. Elliott and S. F. Acree for a-naph- 
tholbenzein and thymolbenzein in ben- 
zene solution. As stated in RP1263 in 
the Journal of Research for December 
the values found for these moments 
were 43X10 and 68X10, respec- 
tively, expressed in electrostatic units. 
These values are much lower than 
those predicted for the benzein type of 
molecule on the basis of a static di- 
polar structure, but they are com- 
patible, on the other hand, with the 
quinone-phenolate resonance theory. 


POTENTIOMETRIC METHOD FOR 
MEASURING HYDROGEN-ION 
ACTIVITY 


The acidity or alkalinity of an aque- 
ous solution depends upon the ratio of 
the activity of the hydrogen ions to the 
activity of the hydroxyl ions in the 
solution. When this ratio is unity, the 
solution is said to be neutral. A solu- 
tion is acidic when this ratio is greater 
than unity and alkaline when this ratio 
is less than unity. As a rule, the ac- 
tivity of the hydrogen ions of solutions, 
especially those employed industrially, 
is low, varying from 10° to 10-* moles 
or gram-atoms of hydrogen ions per 
liter. For convenience, the symbol pH 
is employed to designate the negative 
of the logarithm of the hydrogen ion 
activity. Most solutions employed in- 
dustrially have pH values between 1 
and 14. 

The most accurate means for the 
measurement of the activity of hydro- 
gen ions or the “effective acidity” are 
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potentiometric methods. The present 
potentiometric methods involve certain 
factors which cannot be accurately 
evaluated. Using new equipment re- 
cently installed, Walter J. Hamer and 
S. F. Acree have developed a new 
potentiometric method from which fac- 
tors that are difficult to evaluate have 
been eliminated, in which special fea- 
tures and precautions have been in- 
corporated, and by which it is possible 
to determine pH values with a preci- 
sion of 0.0003 pH unit. LEHlectric in- 
struments of high sensitivity are em- 
ployed: and extreme care is taken to 
exclude air, carbon dioxide, and soluble 
impurities from the solutions, since 
these also contribute to acidity or al- 
kalinity. Control of the temperature 
within 0.01°C is maintained. In this 
method, described in the Journal of 
Research for December (RP1261), hy- 
drogen and silver-silver chloride elec- 
trodes are used in solutions to which 
known amounts of either sodium or 
potassium chloride have been added. 
The hydrogen electrode is the standard 
for measurements of acidity or al- 
kalinity. The  silver-silver chloride 
electrode replaces the calomel refer- 
ence electrode and its salt bridge em- 
ployed in the usual potentiometric 
methods. By its use, liquid junctions 
formed between the salt bridge of the 
calomel electrode and the solution be- 
ing studied are avoided. This is a 
desirable feature of the method, since 
no means is now known by which the 
electrical potential produced at a 
liquid junction can be _ accurately 
measured or evaluated. 

Data are given which illustrate the 
precision obtainable with the new 
equipment and method. On the aver- 
age, the electromotive forces of the 
cells are reproducible to 0.02 millivolt, 
which is equivalent to 0.0003 pH unit. 
The hydrogen and Silver-silver chloride 
electrodes exhibit no temperature hys- 
teresis, do not change in potential with 
time, and exhibit no polarization ef- 
fects. In the report it is also shown 
how the hydrogen-ion activity may be 
calculated from the _ electromotive 
force by thermodynamic methods, using 
the Nernst equation in which the con- 
cepts of activity and interionic attrac- 
tion are incorporated. 


ALUMINUM ION AND HYDRO- 
GEN ION IN PAPERS 


It was recently reported in J. Re- 
search NBS 22, 553 (May 1939) 
RP1205, that a simple procedure for 
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the determination of the pH of papers, 
involving cold aqueous extraction, gives 
values which are as closely related to 
the amounts of alum used in manu- 
facture and to the Sstabilities of the 
papers as are those obtained with 
methods employing hot extraction. The 
former, by virtue of its simplicity, 
eliminates the factors which apparently 
account for the rather poor reproduc- 
ibility among laboratories using the 
standard method. Thus, the basis for 
preferring the procedure involving cold 
extraction was a practical one. 

Further work has shown, however, 
that there is also a fundamental basis 
for preferring the method of cold ex- 
traction. Heating of the paper-water 
mixtures was found to increase greatly 
the hydrolysis of the aluminum Salts 
in the papers, thereby producing as 
much as three to four times the amount 
of acid originally found in the cold 
extract. Such large amounts of acid 
obscure the effects of smaller amounts 
of other acids which may result from 
cooking or bleaching operations, or 
which may be present owing to polluted 
atmosphere, any of which are known 
‘to cause deterioration of papers. 

The heating operation has a further 
serious drawback. Partial hydrolysis 
of the aluminum salts in papers with 
the liberation of harmful acid may take 
place when papers are stored or shipped 
under warm, humid conditions, or when 
the drying or other manufacturing proc- 
esses were faulty. This acid cannot 
be detected by the method of hot ex- 
traction, since the heating process 
causes more or less complete hydroly- 
sis, irrespective of any partial hydroly- 
sis which may already have occurred. 
The method of cold extraction, on the 
other hand, gives pH values corre- 
sponding to the hydrolysis equilibrium 
at room temperature. If the alumi- 
num salt has been already partially 
hydrolyzed by faulty storage or manu- 
facturing conditions, the acid thus lib- 
erated is measured in the unheated 
extract. 

If the acidity of a paper, as it exists 
under conditions of use, can be em- 
ployed as a measure of permanence of 
paper, and it appears that this is true, 
then the method of cold extraction 
gives a much closer measure of the 
significant pH values of papers than 
do the more complicated methods now 
in general use. 

The complete report of this study will 
appear as RP1262, by Herbert F. Lau- 
ner, in the December number of the 
Journal of Research. 
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EFFECT OF POURING TEMPERA- 
TURE ON PROPERTIES OF CAST 
RED BRASS 


In a paper before the Temperature 
Symposium of the Institute of Physics 
at the Hotel Pennsylvania, New York, 
on the evening of November 2, H. B. 
Gardner, Research Associate of the 
Non-Ferrous Ingot Metals Institute at 
the Bureau, described the procedures 
used in measuring the temperature of 
red brass during melting and casting. 
Illustrations were given of the differ- 
ences in physical properties obtained in 
castings of this alloy poured at differ- 
ent temperatures. 

The Non-Ferrous Ingot Metals Insti- 
tute has sponsored this investigation 
since 1930. Technical research has 
been restricted to a study of effects of 
pouring temperature and of impurities 
on the physical properties of the widely 
used cast red brass of the nominal 
composition of 85 percent of copper and 
5 percent each of tin, zine, and lead. 

It was necessary to devise a suitable 
method for measuring the temperature 
of the metal while in the furnace and 
also during pouring. In the earlier 
phases of the investigation pouring 
temperatures of 1,040°, 1,095°, 1,150°, 
1,205°, and 1,260°C were used; but in 
the later work the pouring tempera- 
tures were restricted to 1,065°, 1,150°, 
and 1,230°C. It was found that the 
pouring temperature usually had a 
greater influence on the physical prop- 
erties of the alloy than had certain in- 
tentionally added impurities. 


SONIC METHOD FOR STUDYING 
EFFECT OF FREEZING AND 
THAWING ON CONCRETE 


Various freezing and thawing tests 
have been developed in an attempt to 
find a rapid method for judging the 
resistance of building materials to 
weathering over an extended period. 
How to determine the extent of the 
deleterious action is one of the prin- 
cipal problems in such tests. Visual 
inspection and loss in weight have long 
been used, but they do not tell enough 
about changes within the specimen. 
Determination of the change in modu- 
lus of elasticity by the static method 
is considered very useful but has the 
disadvantage of being slow and inju- 
rious to the specimen. 

Recently, methods have been devel- 
oped for measuring certain natural 
frequencies of a test specimen. By 
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making use of the proportionality be- 
tween the elastic modulus and the 
square of the natural frequency of a 
free-free bar vibrating in the funda- 
mental flexual mode the modulus of 
elasticity of the specimen can be de- 
termined. In one variation of this 
method developed by F. B. Hornibrook, 
and now used at the Bureau, the speci- 
men is vibrated at different frequen- 
cies until the frequency is found which 
corresponds to the natural frequency 
of the vibration of the specimen itself. 

The results from this method were 
compared with strength changes of 
concrete specimens which had been 
subjected to freezing and thawing. 
The percentage decrease in modulus 
of rupture was found to be nearly 
equal to that in elastic modulus. The 
percentage decrease in compressive 
strength was, in general, considerably 
smaller. 


STRUCTURAL PROPERTIES OF 
“NELSON PRE-CAST CONCRETE 
FOUNDATION” WALL CON- 
STRUCTION 


Building Materials and Structures 
Report BMS26, which is now available, 
describes recent tests which were made 
at the Bureau on 18 specimens of a re- 
inforced-concrete foundation wall con- 
struction marketed under the trade 
name “Nelson Pre-Cast Concrete Foun- 
dation,” and submitted by the Nelson 
Cement Stone Co. 

The specimens were subjected to 
compressive, transverse, concentrated, 
impact, and racking loads. The trans- 
verse, concentrated, and impact loads 
were applied to both faces of the speci- 
mens, simulating actual loads applied 
to the foundation walls of a house. 

For each of the loads, three like 
specimens were tested. The deforma- 
tion under load and the set after its 
removal were measured for uniform 
increments of load, except for concen- 
trated loads, for which the set only 
was determined. The results are pre- 
sented in graphs and in tables. 

Copies of this report may be ob- 
tained from the Superintendent of 
Documents, Government Printing Of- 
fice, Washington, D. C., at 10 cents 
each. 
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STRUCTURAL PROPERTIES OF 
CONVENTIONAL WOOD-FRAME 
WALLS, PARTITIONS, FLOORS, 
AND ROOFS 


As part of the program on the 
structural properties of low-cost house 
constructions, 39 specimens represent- 
ing conventional wood-frame walls, par- 
titions, floors, and roofs, which had 
been built at the Forest Products Lab- 
oratory of the U. S. Department of 
Agriculture, were recently tested at the 
Bureau. In addition, 6 wall frames 
without covering were tested. These 
tests provide data which will serve as 
a basis for comparison between the 
structural properties of these widely 
used constructions and those of newer 
and less-known types. 

The wall-frame specimens were sub- 
jected to compressive and transverse 
loads; the wall and partition specimens 
to compressive, transverse, concen- 
trated, impact, and racking loads; the 
floor specimens to transverse, concen- 
trated, and impact loads; and the roof 
specimens to transverse and concen- 
trated loads. The transverse, concen- 
trated, and impact loads were applied 
to both faces of wall specimens. For 
each of these loads three like specimens 
were tested. The deformation under 
load and the set after the load was 
removed were measured, except for 
concentrated loads, for which the set 
only was determined. The _ results, 
which have just been published as 
Building Materials and Structures Re- 
port BMS25, are presented in graphs 
and in tables. The price per copy of 
this publication is 15 cents. 


USE OF PLYWOOD IN WALL 
CONSTRUCTION 


Because of the great increase in the 
production of plywood and a decrease 
in its cost, it is now finding many new 
uses. During the past few years, ply- 
wood has been made with water- 
resistant glues, and the product is 
being applied in house construction. 

Tests to determine the structural 
properties of a wood-frame and plywood 
wall construction are described in 
Building Materials and Structures Re- 
port BMS30, which has just been re- 
leased. The tests were made on speci- 
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mens representing walls submitted by 
the Douglas Fir Plywood Association of 
Tacoma, Wash. The walls were con- 
ventional 2- by 4-in. studs spaced 1 
ft. 4 in. on centers. The outside face 
was 5g¢-in.-thick Douglas-fir plywood, 
3-ply-sheathing grade, bonded with 
water-resistant protein glue having a 
soybean and casein base. The inside 
face was finished by Douglas-fir ply- 
wood, wallboard grade. An oil stain 
is recommended for finishing the inside 
walls. Constructions of this kind can 
be built by any competent house build- 
er, because he can use the methods to 
which he is accustomed for cutting and 
fastening the plywood. 

Copies of BMS30 are obtainable from 
the Superintendent of Documents, Gov- 
ernment Printing Office, Washington, 
D. C., at 10 cents each. 


SURVEY OF ROOFING MATERI- 
ALS IN THE NORTHEASTERN 
STATES 


H. R. Snoke and L. J. Waldron re- 
cently completed a survey of the 
weathering qualities and extent of use 
of roofing materials in 11 Northeastern 
States. The results are similar to 
those reported in Building Materials 
and Structures Report BMS6, Survey of 
Roofing Materials in the Southeastern 
States. 

Detailed studies of the weathering 
characteristics of roofing materials 
were made in Wilmington, Del.; Phila- 
delphia, Pa.; New Haven, Conn.; Bos- 
ton, Mass.; Manchester, N. H.; Port- 
land, Maine; Rutland, Vt.; and Albany 
and Syracuse, N. Y. 

The results, which have just been 
published as Building Materials and 
Structures Report BMS29, include a 
tabulation by States of the kinds of 
roofing materials on more than 10,000 
rural and small-town dwellings along 
approximately 1,600 miles of highway 
between the cities listed above, and a 
summary of the kinds of roofing ma- 
terials used on almost 21,000 rural and 
small-town dwellings along 4,000 miles 
of highway in 20 Eastern States. 

Frequent reference is made in this 
report to the survey in the Southeastern 
States. Observations concerning the 
effect of the hurricane of September 
21, 1988, on many types of roofs are 
also included. 

The report is illustrated by 48 photo- 
graphs showing types of weathering of 
roofing materials and features of de- 
sign and construction of roofs. These 
have been selected from more than 500 
taken during the course of the survey. 
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A list of selected references to the 
literature on roofing materials is 
included. 

Copies of BMS29 are obtainable from 
the Superintendent of Documents, Gov- 
ernment Printing Office, Washington, 
D. C., at 10 cents each. 
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